ABSTRACT
INTRODUCTION
As a consequence of the rapid accumulation of sequence information in all fields of molecular biology and biomedicine, researchers increasingly depend on computers to retrieve, analyze, and edit nucleotide and protein sequences electronically. The huge amount of publicly available data sets of complete genomes, the requirement for the routine use of recombinant DNA technology, and the increasing efforts in sequencing of disease genes make it necessary to store and handle nucleotide and protein sequences electronically. Apart from all kinds of sequence alignments (10, 21) , common tasks in computational molecular biology include the identification of DNA and protein subsequences with specific functions such as cleavage sites of restriction endonucleases (22) , consensus binding sites of transcription factors (13) , or target sites for posttranslational modifications. As part of such work, DNA sequences frequently need to be reformatted [e.g., in standardized formats such as FASTA (20) ], numbered according to the nucleotide positions, or transformed to their complementary, reverse, or antisense counterparts. In addition, DNA and protein sequences often need to be interconverted to each other (i.e., translated or reverse-translated). On the protein level, common physicochemical properties such as molecular weights, isoelectric points (IP), molar absorption coefficients, compositions of amino acids, and their molar percentages are often required. Furthermore, graphical plots of window-averaged biochemical, immunological, and genetic parameters as a function of the individual amino acid residues of a protein have become established procedures in molecular biology (14, 29) .
Nucleotide and protein sequence analysis and manipulation can be performed using a variety of software tools. These tools include consolebased applications (28) , Web-based interfaces to server-side PERL or C++ scripts (33) , or sophisticated software suites running on UNIX ® -like operating systems (8) . Although console and Web-based software tools have been introduced increasingly, the routine use of data input, output, and storage in these programs may be inconvenient. Furthermore, performing a series of analyses with different software tools, the sequence data to be analyzed is required in a specific format and frequently needs to be reformatted when proceeding from one analysis tool to another or when the sequence data have to be stored. Although there are several, even Web-based, reformatting tools like, for example, ReadSeq (http:// bimas.dcrt.nih.gov/molbio/readseq/), switching between different sequence formats usually is cumbersome. In addition, sophisticated software suites providing an integrated environment are often expensive and, thus, beyond the means of small research groups.
Within the last years, several com-puter applications aiming to provide a convenient way to perform common procedures used in computational molecular biology have been developed (2, 3, 9, 12, 17, (23) (24) (25) (26) 
MATERIALS AND METHODS
The and, thus, can be operated on any system where this widely used word processor is installed. All common features of the word processor environment can be used for editing, annotation, and storage of sequence data. All programs of the MBCSsoftware can be directly executed within Microsoft Word, and the graphical output is generated by a special Microsoft Excel ® file (plot.xls).
To have permanent access to these programs, it is recommended to copy the MBCSapplication file into the Microsoft Word startup directory (Menu Tools , Prefe r ences , File Locations ) or to temporarily activate the file as an add-in (Menu Tools , Templates and Add-Ins , Global templates and add-ins ). All programs can then be launched from an additional menu generated by MBCS (Figure 1 ). This menu is added to the Microsoft Word menu bar. Furthermore, to provide rapid access, MBCSgenerates a floatable menu bar containing buttons for the launch of the most frequently used programs ( Figure 1 ). To be able to run MBCSin Microsoft Word 2000 and, in the meantime, to maintain macro-virus protection for unknown documents, it is recommended to activate the "Trust all installed add-ins and templates" checkbox (Tools/Macro/ Security/Trusted Sources).
For evaluation and validation purposes, the MBCSsoftware was subjected to two beta testing phases in one molecular genetics and two unrelated molecular biology laboratories. The MBCSfile referred to in this article can be downloaded free of charge from the Software Library on the BioTechniques Web site (www.BioTechniques.com). Moreover, the unencrypted Visual Basic source code of the module and the graphical user forms can be freely edited and extended to develop further applications.
RESULTS AND DISCUSSION

Structure, Features, and Characteristics of the MBCS Software
The individual program components of MBCSare divided into three sections. The first section includes utilities for import, manipulation, and formatting of nucleic acid and protein sequences. The second section consists of various programs for the sequence analysis of DNA, RNA, and proteins. The objective of the third section is the calculation of numerous pre-and postexperimental parameters required for common molecular biological methods. The data input requirements for each program of MBCS are stated upon launching the respective program.
The data input procedure is basically the same for all programs dealing with the manipulation and analysis of sequence data. First, the sequence stretch to be manipulated or analyzed has to be selected with the mouse pointer; thereafter, the desired program has to be launched, either by selecting an item from the MBCSmenu or by clicking directly on a button of the menu bar (Figure 1) . The sequence stretch selected may contain any characters, digits, or symbols not used in the standard one-letter code for DNA, RNA, or protein sequences. MBCSautomatically eliminates these characters, digits, and symbols by means of a special program subroutine. Moreover, all programs of MBCSare case-insensitive. As a consequence, all kinds of sequence formats are accepted, disregarding whether they contain line breaks, tab stops, spaces, digits, or upper-or lowercase letters. This feature provides highest flexibility and, thus, is useful when working with various sequence formats, including sequences contained in GenBank ® files (5) retrieved from the Web. In the case of DNA and RNA sequences, the ambiguous one-letter code according to the International Union of Biochemistry and Molecular Biology (IUB) Commission on Biochemical Nomenclature is supported as well (15) .
The output data will be displayed in the output form, a window that opens automatically upon completion of any MBCS program (Figure 1 ). The output form provides the user with the following three options: ( i ) the output data can be directly printed, ( ii ) the output data can be copied to the clipboard, an d ( iii ) the output data can be pasted to the end of the active Word document.
Working with MBCS
Section 1: tools for sequence formatting and manipulation. Every manipulation and analysis of sequence data requires the desired sequence to be either retrieved from a database or generated by the output of an automatic DNA sequencer. For many applications, GenBank (5) is the sequence database of choice, particularly because of its convenient accessibility on the Web. To handle, manipulate, and analyze a Webbased GenBank file with MBCS , the content has to be transferred from the Web browser to Microsoft Word while retaining the layout. This task is managed by the Import Sequenceprogram that automatically reformats the sequence in a fixed width font.
For the reformatting of nucleic acid and protein sequences, MBCScontains four special programs. Two of them are mainly used to format specific subsections of a sequence in upper-or lowercase characters, a built-in feature of Microsoft Word. This feature is commonly used to annotate and distinguish intron/exon and translated/untranslated regions. The third program for reformatting is intended to convert any kind of nucleic acid and protein sequence into the standardized and widely used FASTA format (20) . Another commonly used layout is the numbering of a sequence according to its nucleotide or amino acid positions, which is accomplished by the program Numbering of Sequence .
For the conversion of DNA or RNA sequences to their complementary, reversed, or antisense counterparts, three individual programs, named according to these procedures, are provided.
The program Stepperoffers the opportunity to mark a subsection of a sequence consisting of a user-defined number of nucleotides or amino acids by automatically moving the cursor forward or backward from the actual position, whereas all non-sequence characters are ignored.
Section 2: tools for the analysis of nucleic acid and protein sequence data. The program Analysis of DNA Sequence calculates all kinds of physicochemical parameters of the selected DNA sequence. These parameters include overall length, molecular weight of double and single strands, molar percentages of the individual nucleotides, and various melting temperatures. The melting temperatures of oligonucleotides are determined by four different algorithms: ( i ) the popular and simple GC-method (27) , ( ii ) the salt-adjusted method of Baldino et al. (4), ( iii ) the advanced thermodynamic nearest-neighbor method (7), and ( iv ) the T p -method that corresponds to the maximum temperature at which efficient PCR amplification is observed (30) .
The program Analysis of Protein Sequence calculates all kinds of physicochemical parameters of the selected protein sequence. These parameters include overall length, molecular weight, molar percentages of the individual amino acids, IP according to Bjellqvist et al. (6) , and molar absorption coefficient in solution at the 280-nm wavelength (19) .
To identify specific DNA or protein Established procedures for topological predictions of protein sequences include graphical plots of window-averaged biochemical, immunological, and genetic parameters in function of the individual amino acid residues of a protein. In this context, four programs, named according to the underlying method, can be used for such analyses. The window-averaged hydropathy and the grand average of hydropathy (GRAVY) score are computed according to Kyte and Doolittle (14) , the polarity according to Grantham (11) , and the antigenicity according to Welling et al. (29) . The relative mutability of a specific amino acid corresponds to the reciprocal number of its synonymous codons. The determination of the relative mutability is a useful procedure to predict the effects of potential nucleotide substitution mutations on the protein. Protein regions with a high relative mutability are prone to mutations leading to amino acid substitutions. Thus, such protein regions are valuable candidate regions for mutation screening aiming to identify single-nucleotide polymorphisms (SNPs) (1, 18) leading to amino acid substitutions. The GC-content plot of a DNA sequence allows the identification of GCrich sequences and, hence, the selection of appropriate conditions for the sequencing of those templates on the basis of their GC-content (16) . The program Codon Statisticscalculates the individual frequencies of all of the 64 possible codons of a specific DNA sequence and the frequency distributions among synonymous codons. This data provides the basis for the recognition of a possible codon bias frequently observed in the coding region of highly expressed genes because of selective pressure towards maximizing the efficiency of translation (31) .
Nowadays, in the post-genomic era, many DNA sequencing applications are directed towards a comparison with already existing DNA sequences-an approach frequently used for mutation detection in human molecular and medical genetics. This laborious process is sped up and simplified by the program Mutation Finder . This program performs an alignment of two selected DNA sequences by searching for overlapping sequence motifs. Nucleotide substitutions between the two compared DNA sequences (i.e., nucleotides not matching the template) are displayed in the alignment. The Mutation Finderis intended to be used for sequences of up to approximately 500 bases, depending on the performance of the user's computer system. Section 3: benchtop techniques. This section contains seven programs for benchtop use that all provide a graphical user interface. The objective of these programs is the calculation of various parameters for common molecular biology techniques.
The Molecular Weight Calculator determines the molecular weight of any compound on the basis of its chemical formula or atomic composition. The Concentration Calculatordetermines the concentration and further parameters of various kinds of biological samples on the basis of the dilution and the absorbance at specific wavelengths. Thus, this program can be used for the concentration calculation of ssDNA, ds -DNA, ssRNA, peptides and proteins, bacterial suspensions, and for the determination of the helix content of proteins based on their circular dichroism measurements (optical ellipticity) (32) .
The Centrifugation Calculatorenables the calculation of the relative centrifugal force, the rotations per minute, or the effective radius of the rotor if any two of these parameters are given.
The calculation of the composition of complex PCR mixtures is accomplished by the PCR Setup Calculator . This program calculates all volumes of the individual components that have to be added to the PCR mixture. The input variables for this calculation are the stock concentrations of the individual components and their desired final concentrations in the PCR mixture.
The Electrophoresis Calculatoris based on the proportional relation between voltage and migration distance and their inverse proportional relation to the migration time when a fragment of given molecular weight is subjected to electrophoresis with otherwise fixed conditions. Applying these relationships, it is possible to calculate voltage, migration distance, or migration time for any electrophoresis once one set of these three parameters has been recorded.
The Ligation Calculator enables the calculation of the volumes of the vector and insert stock solutions to be used in the ligation reaction. This is accomplished on the basis of the fragment lengths and the molar ratio of fragment to insert as well as the concentrations of the vector and the insert stock solutions.
Using the Technical Appendix , the user has the opportunity to look up the human codon table of the genetic code, the genetically encoded amino acids and their residue molecular weights, the IUB one-letter code for ambiguous nucleotides, the Web addresses of important human SNP databases, and finally the references of all methodical and technical publications used to implement MBCS .
CONCLUSION
The MBCSsoftware described here is a tool to manage, expedite, and simplify common procedures for sequence analysis and manipulation using an integrated text editor environment including menu-guided commands. The application spectrum of MBCSis limited to established procedures using moderate amounts of sequence data and does not intend to replace sophisticated Web-or console-based software suites. Nevertheless, MBCSis a useful tool for researchers performing computer applications in the field of molecular biology and biomedicine. Because of its independence of sequence formats, MBCSis able to take up a pivotal position between various software tools for sequence analysis, manipulation, annotation, and editing.
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